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A 



COL^GEN RTWnTNff PROTETW AC ^.rr pppp.o.^..,, 
DESCRIPTTDTJ . — * 

Technieal fi'oTH 

The present invention relates to a collagen 
5 binding protein as well as hybrid-DNA-molecules , e g 

plasmids or phages comprising a nucleotide sequence coding 
for said protein. Further the invention relates to micro- 
organisms comprising said molecules and their use producing 
saxd protein, as weir as the synthetic preparation of said 
10 protein. In particular the invention relates to a cloned 
gene encoding the Staphylococcus aureus collagen binding 
protein, or functionally active portions thereof, vectors 
containing the cloned gene or parts thereof, and micro- 
organisms transformed by those vectors as well as the 
15 cloning of the gene which speci-:y the biosynthesis of 

called the collagen receptor by Switalski et al 1989) and 
the use Of organisms transformed with the cloned gene to 
produce CBP or CBP li.e proteins. The invention aLo 
^0 describes the use of this gene for diagnostic purposes. 

The object Of the present invention is to obtain 
a collagen binding protein. ootam 

A further object is to obtain said protein bv 
ineans Of a genetic engineering technique by usin^e g a 
Plasm^d comprising a nucleotide sequence co'ding f or Ld 

A further object is to obtain a possibilitv of 
preparing said protein by chemical synthesL. 

JO following description. 

background of i,hc. ir,. — .^^^,^1 

WO-A1-85/05S53 discloses bacterial cell s».f 
proteins having fibronectln fiKr.< surface 

laminin binding abilitr ih^re^ r^^^ 

bacteria have In abi Jy Z T..tZ.i:V.t^^^^^^^^ 

gen, collagen, and/or laminin. ^°"««tin, fxbrino- 
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Regarding the binding of collagen to S. aureus 
several studies have been reported (Garret et al 1985, 
Holderbaum et al 1985, Holderbaum et al 1986, Vercellotti 
et al 1985, Speziale et al 1986, Switalski et al 1989). 

5 Switalslci et al 1989 reported on the isolation 

and characterization of a S. aureus surface protein which 
they identified as a collagen receptor. Using lysostaphin 
to release the protein from the cell wall followed by ion 
exchange chromatography, ammonium sulfate precipitation and 

id gel filtration it was possible to purify a protein with an 
apparent Mr of 135 kDa. It was also shown that antibodies 
raised against the 135 kDa protein inhibited the binding of 
collagen to S. aureus Cowan 1 cells. 
Description of the invention 

15 It has now surprisingly been found possible to 

obtain a hybride-DNA-molecule comprising a nucleotide 
sequence coding for a protein or a polypeptide having 
collagen binding properties. As evident from below the 
following nucleotide sequence is present in the gene coding 

20 for said protein. 
6CA 

CGAGATATTT CATCAACGAA 
GATAGAAGAT GGTGGTAAAA 
ATGGAAAAAT ACAAAATGGT 
25 GGTACAGTAA AGATAGAGGG 
AGGTGAACAG GTGGGTCAAG 
CATTCAATGA TAAAGTAGAA 
TTTGAA6TAC AAG6AAGAAA 
AGTAGCTACG ATAACATCTG 
30 TAAAAGTGAA GCGGGAACCA 
ATATGCTACC AAGAAGATAC 
CAATGAAAAA AGTTATGTAT 
AAG6TGGACA GCAGTTAGAT 
ACACATAGCA ATTATTATAG 
35 AGCCTTTCCA GGTTCTAAAA 
AT6TAACAAT TCCACAAGGC 



TGTTACA6AT 
CGACAGTAAA 
GACATGATTA 
TTATAGTAAA 
CAGTTATTAC 
AAATTAAGTG 
TTTAACGCAA 
GGAATAAATC 
GTAGTGTTTC 
GACACATGTA 
CGAAAGATAT 
TTAAGCACAT 
T6GACAAAGT 
TAACTGTTGA 
TATGGGTCAT 



TTAACTGTAT 
AATGACGTTC 
AAGTGGCATG 
ACAGTACCAT 
ACCAGACGGT 
ATGTTTCGGG 
ACAAATACTT 
AACGAATGTT 
TAATTAATAA 
CGATGGTTTT 
TACTATAAAG 
TAAACATTAA 
GCAATTACTG 
TAATACGAAG 
ATAATAGTTT 



CACCGTCTAA 
GACGATAAAA 
GCCGACAAGC 
TAACTGTTAA 
GCAACAATTA 
ATTTGCAGAA 
TAGATGACAA 
ATCGGTTGGA 
AAGCGGGAAG 
TAAATATTAA 
GATCAGATTC 
TGTGACAGGT 
ATTTTGAAAA 
AACACAATTG 
TTCAATTAAC 
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TACAAAACCA AAATTACGAA TGAACAGCAA AAr QASTTTG TTAATAATTC 
ACAAGCTTGG TATCAAGAGC ATGGTAAGGA AC- JIGTGAAC GGGAAATCAT 
TTAATCATAC TGTGCACAAT ATTAATGCTA ATGCCGGTAT TGAAGGTACT 
GTAAAAGGTG AATTAAAAGT TTTAAAACAG GATAAAGATA CCAAGGCTCC 
5 TATAGCTAAT GTAAAATTTA AACTTTCTAA AAAAGATGGA TCAGTTGTAA 
AGGACAATCA AAAA6AAATT GAGATTATAA CAGATGCAAA CGGTATTGCT 
AATATTAAAG CGTTGCCTAG TGGAGACTAT ATTTTAAAAG AAATAGAGGC 
GCCACGACCG TATACATTTG ATAAGGATAA A6AATATCCG TTTACTATGA 
AAGATACAGA TAATCAGGGA TATTTTACGA CTATTGAAAA TGCAAAAGCG 
10 ATAGAAAAAA CAAAAGATGT TTCTGCTCAA AAGGTTTGGG AAGGCACTCA 
AAAAGTGAAA CCAAC6ATTT ATTTCAAGTT GTACAAACAA GATGACAATC 
AAAATACAAC ACCAGTAGAC AAAGCAGAGA TTAAAAAATT A6AAGATGGA 
AC6ACAAAAG TGACATGGTC TAATCTTCCG GAAAATGACA AAAATGGCAA 

SGCTATTAAA TATTTAGTTA AAGAAGTAAA TGCTCAAGGT GAAGATACAA 
15 CACCAGAAGG ATATACTAAA AAAGAAAATG GTTTAGTGGT TACTAATACT 
GAAAAACCAA TCGAAACAAC ATCAATTAGT GGTGAAAAAG TATGGGACGA 
CAAAGACAAT CAAGATGGTA AGAGACCA6A AAAAGTCAGT GTGAATTTAT 
TGGCTAACGG GGAGAAAGTA AAAACGTTAG ACGTGACATC TGAAACAAAC 
TGGAAGTACG AATTTAAAGA CTTACCGAAG TATGATGAAG GAAAGAAAAT 
AGAATATACA GTGACCGAAG ATCACGTAAA AGACTACACA ACAGACATCA 
ACGGTACGAC AATAACGAAC AAGTATACAC CAGGAGAGAC ATCG^^S 
GTAACAAAAA ATTGGGATGA CAATAATAAC CAAGACGGAA AACGACCA^c 
TGAAATCAAA GTTGAGTTAT ATCAAGACGG AAAAGCAACA GGAAAaS^g 
CAACATTAAA TGAATCTAAT AACTGGACCC ATACGTGGAC AG^^t 
GAAAAAGCAA AAGGACAACA AGTAAAATAC ACAGTCGAGG AATtHc^ 
GGTCAAAGGT TATACAACAC ATGTGGATAA CAATGATATG GGTA^^T^ 
TTG.CACGAA TAAATATACG CCAGAAACAA CATCAATTAG ^G^^ 
GTATGGGACG ACAAAGACAA TCAAGATGGT AAGAGACCAG AAAA^^ 
TGTGAATTTA TTGGCTGATG GAGAGAAAGT AAAAACGTTA G^^^S^ 
CTGAAACAAA CTGGAAGTAC GAATTTAAAG ACTTACCGAA GTATG^^ 
GGAAAGAAAA TAGAATATAC AGTGACCGAA GATCACGTAA ZZZTc 

CATCGGCAAC AGTAACAAAA AATT6GGATG ACAATAATAA CCAAGACGGA 
MACGACCAA CTGAAATCAA AGTTGAGTTA TATCAAGACG l^^l 
^GAAAAACG GCAACATTAA ATGAATCTAA TAACTGGACC C^O^l 
CAGGATTAGA TGAAAAAGCA AAAGGACAAC AAGTAAAATA CACAGTc^o 



20 
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GAATTAACAA AGGTCAAAGG TTATACAACA CATGTGGATA ACAATGATAT 
GGGCAACTTG ATTGTGACGA ATAAATATAC GCCAGAAACA ACATCAATTA 
GCGGTGAAAA AGTATGGGAC 6ACAAAGACA ATCAAGATGG TAAGAGACCA 
GAAAAAGTCA GTGTAAATTT ATTGGCTAAC GGAGAGAAAG TAAAAACGTT 

5 AGACGTGACA TCTGAAACAA ACTGGAAGTA CGAATTTAAA 6ACTTACCGA 
AGTATGATGA AGGAAA6AAA ATAGAATATA CAGTGACCGA AGATCACGTA 
AAAGACTACA CAACAGACAT CAACGGTACG ACAATAACGA ACAAGTATAC 
ACCAG6AGAG ACATCGGCAA CA6TAACAAA AAATTGGGAT 6ACAATAATA 
ACCAAGACGG AAAACGACCA ACTGAAATCA AAGTTGAGTT ATATCAAGAT 

10 GGAAAAGCAA CAGGAAAAAC G6CAATATTA AATGAATCTA ATAACTGGAC 
ACATACGTGG ACAGGATTAG ATGAAAAAGC AAAAGGACAA CAAGTAAAAT 
ACACAGTCGA TGAATTAACA AAAGTTAATG GCTATACAAC GCATGTGGAT 
AACAATGATA TGGGTAACTT GATTGTGACA AATAAATATA CGCCGAAAAA 
ACCGAATAAA CCAATCTATC CTGAAAAACC AAAAGACAAA ACACCACCAA 

15 CTAAACCTGA TCATTCTAAT AAAGTTAAAC CAACTCCCCC AGATAAGCCA 
TCAAAAGTGG ATAAGGATGA TCAACCTAAA GATAATAAAA CCAAACCT6A 
AAATCCTCTA AAAGAATTAC CAAAAACTGG TATGAAGATT ATAACTTCAT 
GGATTACATG GGTATTTATA GGTATATTGG GACTGTATTT AATTTTAAGA 
AAT^GATTTA ACTCA 

20 whereby this nucleotide sequence encodes for the 

following protein starting at nucleotide no. 1 in the read- 
ing above, whereby the prepresent nucleotides shown in Fig. 
2 are part of the signal system: 
Ala 

25 ArgAspIleSerSerThrAsnValThrAspLeuThrValSerProSerLysIleGlxiAsp 
GlyGlyLysThrThrValLysMetThrPheAspAspLysAsnGlyLys I leGlnAsnGly 
AspMetlieLysValAlaTrpProThrSerGlyThrValLysIleGluGlyTyrSerLys 
ThrValProLeuThrValLysGlyGluGlnValGlyGlnAlaVallleThrProAspGly 
AlaThrlleThrPheAsnAspLysValGluLysLeuSerAspValSerGlyPheAlaGlu 

30 PheGluValGlnGlyArgAsnLeuThrGlnThrAsnThrLeuAspAspLysValAlaThr 
IleThrSerGlyAsnLysSerThrAsnVallleGlyTrpIleLysValLysArgGluPro 
ValValPheLeuIleAsnLysSerGlyLysIleCysTyrGlnGluAspThrThrHisVal 
ArgTrpPheLeuAsnlleAsnAsnGluLysSerTyrValSerLysAspIleThrlleLys 
AspGlnlleGlnGlyGlyGlnGlnLeuAspLeuSerThrLeuAsnlleAsnValThrGly 

3 5 ThrHi s SerAsnTyr Tyr SerGlyGlnSer AlalleThr AspPheGlxiLy s AlaPhePro 
GlySerLysIleThrValAspAsnThrLysAsnThrlleAspValThrlleProGlnGly 
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TyrGlySerTyrAsnSerPheSerlleAsnTyrLysThrLysIleThrAsnGluGlnGln 
LysGluPheValAsnAsnSerGlnAlaTrpTyrGlnGluHisGlyLysGluGluValAsn 
GlyLysSerPheAsnHisThrValHisAsnlleAsnAlaAsnAlaGlylleGluGlyThr 
ValLysGlyGluLeuLysValLeuLysGlnAspLysAspThrLysAlaProIleAlaAsn 
5 ValLysPheLysLeuSerLysLysAspGlySerValValLysAspAsnGlnLysGluIle 
GluIlelleThrAspAlaAsnGlylleAlaAsnlleLysAlaLeuProSerGlyAspTyr 
IleLeuLysGluIleGluAlaProArgProTyrThrPheAspLysAspLysGluTyrPro 
PheThrlfetLysAspThrAspAsnGlnGlyTyrPheThrThrlleGluAsiiAlaLysAla 
IleGluLysThrLysAspValSerAlaGlnLysValTrpGluGlyThrGlnLysValLys 
10 ProTlirIleTyrPheLysLeuTyrLysGlnAspAspAsnGlnAsna?hrThrProValAsp 
LysAlaGluIleLysLysLeuGluAspGlyThrThrLysValThrTrpSerAsnLeuPro 
GluAsnAspLysAsnGlyLysAlalleLysTyrLeuValLysGluValAsnAlaGlnGly 
GluAspThrThrProGluGlyTyrThrLysLysGluAsnGlyLeuValValThrAsnThr 
GluLysProIleGluThrThrSerlleSerGlyGluLysValTrpAspAspLysAspAsn 
IS GlnAspGlyLysArgProGluLysValSerValAsnLeuLeuAlaAsnGlyGluLysVal 
LysThrLeuAspValThrSerGluThrAsnTrpLysTyrGluPheLysAspLeuProLys 
TyrAspGluGlyLysLysIleGluTyrThrValThrGluAspHisValLysAspTyrThr 
ThrAspIleAsnGlyThrThrlleThrAsnLysTyrThrProGlyGluThrSerAlaThr 
ValThrLysAsnTrpAspAspAsnAsnAsnGlnAspGlyLysArgProThrGlulleLys 
ValGluLeuTyrGlnAspGlyLysAlaThrGlyLysThrAlaThrLeuAsnGluSerAsn 
A^nTrpThrHisThrTrpThrGlyLeuAspGluLysAlaLysGlyGlnGlnValLysTyr 
ThrValGluGluLeuThrLysValLysGlyryrThrThrHisValAspAsnAsnAspMet 
GlyAsnLeuIleValThrAsnLysTyrThrProGluThrThrSerlleSerGlyGluLys 
ValTrpAspAspLysAspAsnGlnAspGlyLysArgProGluLysValSerValAsnLeu 
LeuAlaAspGlyGluLysValLysThrLeuAspValThrSerGluThrAsnTrpLysTyr 
GluPheLysAspLeuProLysTyrAspGluGlyLysLysIleGlu-ryrThrValThrGlu 
AspHisValLysAspTyrThrThrAspIleAsnGlyThn^hrlleThrAsnLysTyrThr 
ProGlyGluThxSerAlaThrValThrLysAsnTrpAspAspAsnAsnAsnGln^^^^ 
LysAxgProThrGluIleLysValGluLeuTyrGlnAspGlyLysAlaThr^^^^ 

AlaThrLeuAsnGluSerAsnAsnTrpThrHisThrTrpThrGlyLeuAspGluLysAla 

HisValAspAsnAsnAspMetGlyAsnLeuIleValThrAsnLysTyrThrProGluThr 

ThrSerlleSerGlyGluLysValTrpAspAspLysAspAsnGlnAspGlyLysC^^ 
GluLysValSerValAsnLeuLeuAlaAsnGlyGluLy^^^ 

IleGluTyrThrValThrGluAspHisValLysAspTyrThrThrAspIleAsLUhr 
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ThrlleThrAsnLysTyrThrProGlyGluThrSerAlaThrValThrLysAsnTrpAsp 

AspAsnAsiiAsnGlriAspGlyLysArgProThrGluIleLysValGluLeuTyrGlnAsp 

GlyLysAlaThrGlyLysThrAlalleLetiAsnGluSerAsnAsnTrpThrHisThrTrp 

ThrGlyLeuAspGluLysAlaLysGlyGlnGlnValLysTyrThrValAspGltiLeuThr 

LysValAsnGlyTyrThrThrHisValAspAsnAsnAspMetGlyAsnLeuIleValThr 

AsnLysTyrThrProLysLysProAsnLysProIleTyrProGluLysProLysAspLys 

ThrProProThrLysProAspHisSerAsnLysValLysProThrProProAspLysPro 

SerLysValAspLysAspAspGlnProLysAspAsnLysThrLysProGliiAsnProLeu 

LysGluLeuProLysThrGlyMetLysIlelleThrSerTrpIleThrTrpValPhelle 

GlylleLeuGlyLeuTyrLeuIleLeuArgLysArgPheAsnSer 

In the single letter amino acid sequence above 
the following abbreviations have been used 



A 


Ala, 


Alanine 


R 


Arg, 


Arginine 


N 


Asn, 


Asparagine 


D 


Asp, 


Aspartic acid 


C 


Cys, 


Cysteine 


C 


Cys, 


Cystine 


G 


Gly, 


Glycine 


E 


Glu, 


Glutamic acid 


Q 


Gin, 


Glutainine 


H 


His, 


Histidine 


I 


He, 


Isoleucine 


L 


Leu, 


Leucine 


K 


Lys, 


Lysine 


M 


Met, 


Methionine 


F 


Phe, 


Pheny la lanine 


P 


Pro, 


Proline 


S 


Ser, 


Serine 


T 


Thr, 


Threonine 


W 


Trp, 


Tryptophan 


Y 


Tyr, 


Tyrosine 


V 


Val, 


Valine 



The invention further comprises a plasmid or 
phage comprising a nucleotide sequence coding for said 
collagen binding protein. 
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The invention further comprises a microorganism 
containing at least one hybrid-DNA-molecule according to 
the above. The plasmid pSAC104 in an E. coli strain TGI has 
been deposited at the Deutsche Sammlung von Mikroorganismen 
5 (DSM), and has thereby been allocated the deposition number 
DSM 6199. The present invention provides a cloned gene 
encoding the CBP having improved CBP-properties as compared 
with native CBP which is released and purified from 
S. aureus cells. The gene is derivied from a S. aureus 
10 strain and inserted into a cloning vector. Cells of a 

procaryotic organism which have been transformed with re- 
combinant vectors are disclosed. 

The invention further provides the identification 
of the nucleotide sequence of the gene encoding the CBP 
15 here called the cbp-gene. The deduced amino acid sequence 
reveals a molecule with several distinct features resemb- 
ling staphylococcal cell surface proteins. 

The invention also provides a procedure for pro- 
duction and purification of the recombinant CBP. This is 
done in a way so that the molecule retains its collagen 
b.nd:-.ng properties, thus this recombinant CBP resemblance 
the native unreleased S. aureus CBP. 

The invention further provides the use of the 
Cbp-gene for diagnostic purposes. Gene probes chbsen to 
specifxcally recognize the presence of the cbp gene in 

the correlation between the presence of CBP on the surfac^ 
Of S. aureus strains isolated from patient with septic 
arthrxtis could be verified by the presence of the cbp-gene 
n all tested strains. ^ ^ 

Appropriate carrier proteins can be coupled to 
the amino acid sequence as well, such as igG binding 
regions of protein A. ^ 

wirh . '"''^ in^e^tion will be described in the following 
With reference to the examples given, however, without 
being restricted thereto. 
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Brief description of the figures 

Figure 1: (A), Simplified restriction map of the 
insert in p 16 and CC0LR6A showing the region of homology, 
MCS is an abbreviation for multi cloning site. (B), 

5 Schematic drawing of the cbp-gene encoding the different 
regions, S is the proposed signal sequence followed by 
region A and the repetitive B regions, W is the cell wall 
spanning region and M the membrane anchoring region. 

Figure 2: Nucleotide sequence and the deduced 

10 amino acid sequence of the assembled sequence from the 
insert in p 16 and cC0LR6A. The different regions are 
marked by arrows and sequences resembling ribosomal binding 
sites (RBS). The 5 'end and 3 'end of the insert in p 16 as 
well as the 5 'end of the insert in cC0LR6A is indicated. 

15 Figure legends 

Figure 3: Westeim blot of lysates of clinical 
isolates of S. aureus probed with anti-collagen adhesin 
antibodies. Lysostaphin lysates of strains were separated by 
gel electrophoresis, electroblotted onto an Immobilon-P 

20 membrane. Lanes a: Cowan, b:^7, c:#12, d:j0^13, e:^14, 
f : #15, g:X«16, h: Phillips, and iiff9. 

Figure 4: Time dependent attachment of collagen 
adhesin positive and negative strains of S. aureus to 
collagen (panel A) and cartilage (panel D). Inhibition of 

25 this attachment by ant-adhesin antibodies (panels B and D, 
collagen and cartilage, respectively). ^^^I-labeled 
cells of two collagen adhesin positive strains - S. aureus 
Phillips (^ ) and #14 (O) and one adhesin negative strain - 
^9 (m ) were incubated with collagen coated wells or with 

30 pieces of cartilage for indicated periods of time. Electron 
microscopy of attachment of collagen adhesin positive S. 
aureus strain Phillips to cartilage (panel C) and inhibition 
of this attachment by anti-adhesin antibodies (panel F). 
Figure 5: Binding of ^^^I-labeled collagen 

35 or adhesion to cartilage by polystyrene beads coated either 
with the collagen adhesin ( O ) or a recombinant form of the 
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S. aureus fibronectin receptor («, ZZFR) . Panel A - binding 
of ^**I-collagen to protein coated beads as a function 
of time. Panel B - inhibition of binding of 
collagen by antibodies. Attachment of **=I-labeled 
beads to cartilage as a function of time (panel C) and 
inhibition of attachment of ^^^^ I -labeled beads to 
cartilage by antibodies (panel D). In this experiment 1 ug 
of adhesin protein was coupled to 10« polystyrene beads. 
Control beads were coated with the same molar concentration 
of the fibronectin receptor. Unreacted sites on the beads 
were saturated with bovine serum albumin. Scanning electron 
microscopy of beads coated with collagen adhesin (panel E) 
or fibronectin recept.:r protein (panel F) attached to 
cartilage . 

Figure 6: Expression constructs utilized to 
localize the collagen binding domain within the S. aureus 
collagen adhesin. 
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Example 1 ; 

Cloning and identify cation nf ^ho o> > p,oen«. v. 

In order to isolate the gene encoding S. aureus 
CBP two commercial available (Clontech laboratories, inc 
Palo Alto, CA, USA) S. aureus strains (strain FDA 574 and 
FDA 485) were tested if they bound radioactivity labelled 
collagen. This was done according to Switalski et al 1989 
Strain 574 was found to bind collagen and therefore a gene 
library (obtained from the same company, cat. XL 15016) of 
the same strain was screened for the expression of CBP 
activity, using the suppliers protocoll (in addition to 
thxs protocoll the general work involving molecular genetic 
appropriate protocolls found in "Current Protocolls in 
Molecular Bic ogy" Vol. 1 and 2, (edited by Ausubel, F.M 
R. Brent, R.L. Kingston, D.D. Moore, I.G. Seidman, J.A ' 
Smith, U. Struhl, Greene, Wiley Inters cience ) , and 
"Molecular Cloning", a laboratory manual, (Maniatis, T 
Prxtsch, E.F. and J. Sambrook (1982) Cold Spring Harbor' 
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Laboratory Press, New York) were used) the recombinant 
lambda gt 11 phages were plated on E. coli strain Y1090* 
Agarplates with 10.000-100.000 PFU per 90 mm plate was 
chosen. The plaques from each plate were transferred by 
5 replicaplating to nitrocellulose (NC) filters (Schleicher 
& Schull). To detect plaques expressing CBP activity two 
different methods were used. In the first method the 
filters were preincubated in a solution containing. 150 mM 
NaCl; 10 mM Tris pH 7,5; 1,36 % milk powder (defatted) for 
10 1 h at 37 degree C (or overnight at room temperature (RT) ) . 
After the incubation the filters were transferred to the 
same type of solution as above but supplemented with 125-1 
labelled bovine type II collagen and the filters were incu- 
bated over night at RT. The following day the filters were 
15 washed 3 X 10 min in a solution containing 150 mM NaCl; 

0,05 % Tween 20 at 37 degree C, dried at RT and autoradio- 
graphed for several days to detect clones expressing colla- 
gen binding activity. 

In an alternative screening method purified Fab- 
20 fragments from polyclonal rabbit IgG recognizing the native 
collagen receptor was used to detect clones expressing 
CBP-activity. This type Fab-fragment preparation had 
earlier been used by Switalski et al 1989 to identify and 
characterize the collagen receptor. In this alternative 
25 method the replica plated NC-filters were preincubated in a 
solution containing 150 mM NaCl; 10 mM Tris pH 7,5; 3 % 
(W/V) bovine serum albumine (BSA) for 45 min at 37 degree 
to block unspecific binding. After blocking, the filters 
were transferred to a solution containing phosphate-buffered 
30 saline supplemented with Tween 20 to final cone. 0,05 % 
(PBS-T) which also contained the rabbit anti-collagen re- 
ceptor Fab-fragments in a dilution of 1:400. After 2,5 h 
incubation at RT the filters were washed 3 X 10 min in 
PBS-T followed by the addition of secondary goat anti-rabbit 
35 igG alkaline phosphatase conjugate (Bio-Rad Laboratories, 
Richmond, CA, USA, Cat. # 170-6518) diluted 1:3000 in PBS-T 
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to detect bound primary Fab-Fragments. After incubation for 
1 h at RT the filters were washed 3 X 10 min in PBS-T. The 
bound labelled secondary antibodies were detected by a 
color reaction according to the manufacturer's instructions 
5 (Bio-Rad, Instructions for preparing the BCIP/NBT color 
development solution for use in the immun-blot alkaline 
phosphatase assay kit). 

By the use the above described methods several 
recombinant lambda phages expressing CBP-activity could be 
10 identified and isolated. 

Two of these were chosen for further studies. 
They were called lambda coll 1 and lambda cCOLRSA respec- 
tively. 

Subcloning lambda coll 1: Purified lambda coll i 
DNA was cleaved with EcoRI and the sticky ends were filled 
in using Klenow fragments together with the dNTP's. The 
blunt ended DNA-fragments originating from the S. aureus 
chromosome were ligated into Sma 1 cleaved pUC 18 (Pharma- 
cia-LKB Biotechnology, Uppsala, Sweden). After transforma- 
tion into freeze competent E. coli TGI cells recombinant 
clones were tested for expression of the CBP. it was found 
that all clones expressing CBP harboured a recombinant 
plasmid with an insert of approx. 4 kb. One such clone 
called p IS was chosen for further studies and a schematic 
map of the insert in this clone is shown in Fig. i a. 

In a similar way as lambda coll 1 two other lambda 
clones were generated from the screening of the genomic 
library. Large scale cultures of pure positives were ob- 
tained and the DNA was isolated. EcoRl digestion of the 
clones resulted in inserts with two different sizes. Clone 
lA had an insert of 3.2 kb and 3B had an insert of 4 5 kb 
The larger of the two was used for further characterization 
Purified insert DNA (1.5 kb) from GTU clone 3B was 
ligated to EcoRI digested pucl8 and transformed into E coli 
TB-1 cell creating subclone cCOLRSA. It was also subcloned 
into M13mpl8/JM101 for sequencing. 
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CsCla purified plasmid DNA from subclone cC0LR6A 
was then mapped using a variety restriction endonucleases . 
Pstl digestion yielded two fragments 2.9 kb and 1.7 kb. Both 
fragments were sequenced. The 2.9 kb EcoRI-Pstl fragment 

5 partially overlaps subclone A COLLI. Subclone CC0LR6A con- 
tains all three repeats , the cell wall domain as well as the 
membrane spanning domain. A schematic map of the insert in 
this clone is shown in Fig. 1 A. 

Comparative restriction enzyme digestions to- 

10 gether with hybridization experiments showed that p 16 and 
CC0LR6A partially overlapped each other (Fig. 1 A). 

Example 2: 

DNA and amino acid sequence data 
15 In order to determine the nucleotide sequence of 

the cbp-gene the protocoll included in the Sequenase kit 
from (United States Biochemical Corporation, USA) was 
followed in order to analyze the insert in p 16 and cCOOL 
R6A. By comparing the nucleotide sequence from the inserts 

20 it was confirmed that the two inserts were partially homo- 
logous (Fig. 1 A and Fig. 2). By assembling these sequences 
together and searching for open reading frames it was con- 
cluded that an open reading frame of 3.555 nt was used cor- 
responding to a deduced amino acid sequence of 1185 

25 amino acids (Fig. 2). 

Within the deduced amino acid sequence there are 
several repetitive and homologous regions. This is schemati- 
cally shown in Figure 1 B. Starting from the N-terminal end 
a structure resembling a signal sequence is revealed. This 

30 is in agreement with what one should expect since the CBP 
is a cell surface protein in S. aureus. Following this 
region, a region called A is found followed by a repetitive 
strectch of 187 amino acids called B 1, B 2 and B 3. Direct- 
ly following these regions there is a region called W which 

35 consists of a repetitive, hydrophilic structure containing 
several proline residues. This region resembles a similar 
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structure found in staphylococcal protein A (Guss et al 
1984) and mBP A (SignSs et al 1989) as wall as strepto- 
coccal protein G (Guss et al 1986) and « protein (HoUings- 
head et al 1986). This region is thought to mediate the 
5 binding of the protein to the ceil ™ii. ihe amino acid 
sequence nearest to the C-tenninal end consists of a lono 
stretch Of hydrophobic residues followed by sone charged 
amino acids. This region called M is similar in structure 

,„ T P'^"*"*^" °* <ie1uced CBP is approx. 

133 led (including the postulat«l signal seguence, s, wWch 
is very close to the mol.wt of 135 led reported for the 
native released receptor (SwltalsJci et al 1989). 
15 in order to construct a plasinid coding for the 

coni.lete cbp-gene S. aureus PBA 574 chromosomal DHA ™s 
purified and double cleaved with Hind Ill/Pst 1. with the 
guidance of southern Transfer experiments using a 32-P 
labelled oligonucleotide probe (5'-ATTAAAGCGTIGCCTAGTGG-3- ) 
20 it was known that cleavage with these enzymes should 

l^ZTt IT"" corresponding to the 

3 end of the cbp-gene. After cleavage with these enzynes 
the Chromosomal DHA was electophoretically separatedTn an 
agarose gel. A gel slice ruffly corresponding to right size 

z,::i:t '"^ ^^-^^ -d^punfut itv 

, ™" ""^ " previously 

double Cleaved with Hind zix/Pst 1. After ligation followed 
transformation into E. ccli TGI and the resulting reco^^r 
nant clones were .-reened for obtaining the w^! T 
0 using colony hybridization with the =1^^' L ITIt" 
Clone hybridizing with the radioactive prL was chosen f 
further studies. This clone called B. coli ^sZ\To Zl 
Cleaved with Hind III and a purified appro, 1,8 2 
III fragment from p 16 (encoding the s-end of the cbp-gene 
Fig. 1 A, was ligated into pSAC 100. After transf ormatlr' 
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into E. coli TGI recombinant clones having the approx. 1,8 
kb fragment in the right orientation was identified and 
isolated. One such clone called E. coli pSAC 104 was chosen 
for further studies. The insert in this clone should repre- 
5 sent the complete cbp-gene. The clone was also positive 

when tested for expression of the CBP (see Example 3). This 
clone is deposited in Deutsche Sammlung von Mikroorganismen, 
Deposit number 6199. 

10 Example 3: 

Expression of the CBP in E. coli 

Using the 125-1 collagen binding assay as 
described by Switalski et al 1989 E. coli clones containing 
the whole cbp-gene or parts thereof were tested if lysates 

15 from these clones (containing CBP activity) could inhibit 
125-1 collagen to bind to the S. aureus Cowan I cells. The 
respective E. coli clone was grown in Luria Broth supple- 
mented with ampicillin final cone. 50 microgram/ml over 
night. The bacteria were spun down and the supernatant 

20. discarded (this since most of the CBP activity was found 
intracellular) • The bacterial pellet was resuspended in 
1/10 of the original volxame in a solution containing 50 mM 
Tris pH 8; 50 mM EDTA and lysozyme 1 mg/ml followed by in- 
cubation at 37 degree C until complete lysis. The lysed bac- 

25 teria were centrifuged to remove cellular debris and the 
supernatant taken care of. The ability of this supernatant 
(typical volume used was 100-200 microliter) to inhibit 
125-1 collagen to bind to Cowan I cells was measured. As a 
control E. coli TGI pUC 18 treated in the same way was used. 

30 The presence of CBP activity could be measured as signi- 
ficant (in some cases up to 66%) reduction in bound radio- 
active collagen to the Cowan 1 cells when measured in a 
gamma counter . Three clones measured in this way E. coli 
TGI p 16, E. coli TGI pSAC 104 and E. coli TGI pCA 1 showed 

35 high inhibitory activity as compared with the control E. 
coli TGI pUC 18 which showed no significant inhibitory 
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activity. This result is in contrast with the findings 
reported by Switalski et al 1989 which found that purified 
or partly purified native collagen receptor could not inhi- 
bit the binding of collagen to S. aureus Cowan 1 cells. The 
5 conclusion of this is that recombinant CBP expressed has 
retained more of its original features than the released 
protein from the staphylococci. 

Although it was possible to detect CBP activity 
in the recombinant E. coli lysate it was not possible to 
10 affinity purify the CBP using immobilized collagen or gela 
tine. Although in "Western transfer- experiments with lysa- 
tes from the above mentioned recombinant clones, using the 
Fab-fragments described in Example 1, was it possible to 
detect bands corresponding to high mol.wt. fragments. These 
15 were in the same size as expected from calculations using 
the deduced amino acid sequence. 

Example A; 

expression of „ rBP fusln^n^^^.j - „i„^h 
Follaqen hjnrtlnn nroDert<»>i .frer n,.,-<fi^.,.- — 

Been unsuccessful to affinity purify the re- 
con4,l„ant produced CBP, using i:™obili«d collagen, another 
approach was used. This approach was to fuse the cbp-gene 
cr parts of the gene to another gene encoding a so called 
affinity tail (Methods in enzymology. Part 185). The 
affinity tail to he tested was the part from the protein A 
gene encoding the IgG-blnding domains (Dhle-n et al 1984, 
Therefore a vector encoding the above mentioned domains 

ZT'llT^. * "° ™ P-^^"' "ki^h . 

«as a Sift from Dr. M. ohle'n contains in addition to the 

IgG-binding domains (E, D, A, B and C) two multl cloning 
=ltes ,«CS, Which flank the IgG-blnding domains. This 
^es it possible to chose a restriction enzyme that has a 
recognizlon site in both the «CS which upon cleavage results 
ih a release of (provided the restriction site Is Lt pre- 
sent i„ the I,G-binding domains, a DNA fragment encoding the 
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IgG-binding domains which can be purified and inserted into 
other vectors. Since the nucleotide sequence of the cbp-gene 
had been determined it was known that p 16 encoded the 
N-terminal part of the cbp-gene and the decision was to make 
5 a C-terminal fusion. This was done in the following way, the 
p 16 was cleaved with EcoRI (Fig. 1 A) and a purified EcoRI 
DNA-fragment from pNSEQl encoding the IgG-binding part of 
protein A ligated into the plasmid. After transformation 
recombinant clones having the right orientation of the 
10 inserted protein A fragment were identified and isolated. 
One of these clones called E. coli pCA 1 was chosen for 
further studies. It was found that cell lysate of this clone 
in addition to inhibit collagen binding as measured in 
Example 3 also showed protein A IgG-binding activity. The 
15 next step was to try to affinity purify the presumtive 

fusionprotein on IgG-Sepharose FF (Pharmacia LKB Biotechno- 
logy, Uppsala, Sweden). Using the same manufacturer's 
Protein A manual it was possible to affinity purify the 
fusion protein from cell lysate. Using SDS-PAGE to analyse 
20 the purified protein it was shown that several bands corres- 
ponding to different mol.wt appeared when the gel was 
stained with Coomassie Brilliant Blue. However, the major 
band had the corresponding mol.wt of a full length fusion- 
protein as calculated from the deduced amino acid sequence. 
25 When measured for CBP activity this purified protein pre- 
paration could inhibit the binding of radioactive collagen 
to the S. aureus Cowan 1 cells as efficient as the corres- 
ponding cell lysate. This is also an improvement as compared 
with the result presented by Switalski et al 1989. The con- 
30 elusion is that practizing the presented invention it is 
now possible to both produce and purify a S. aureus CBP 
which retains its biological properties in a better way as 
compared to earlier reported methods. 
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Example 5; 

The use of the fTBP-aene as a diarmnetie torn 

Two oligonucleotides (JP-1,5'-AGT-GGT-TAC-TAA-TAC- 
TG-3' and JP-2 , 5 ' -CAG-GAT-AGA-TIG-GTT-TA-3 ' ) complementary 
to regions of the CBP that flanked the repeats Bl, B2, and 
B3 were constructed (Oligo's Etc.). Genomic DNA from 6 
different Staphyloccus aureus strains that were known to 
bind *«=I-collagen (Table 1) were isolated as pre- 
viously described by Liadberg. Polymerase chain reaction 
(PGR) was performed with a Cetus/Perkin-Elmer DNA Thermo- 
cyler. Reaction mixtures (100/*1) contained ImM of each 
primer, 200 mM of each dNTP, 1 mM Tris-HGl (pH 8 3) 5 m 
KGl, 15 mM MgGl=, 0.001% gelatin, 3 template D^, and 

2.5 U AmpliTaq DNA polymerase. The reaction mixtures were 
I overlayed with 100 jul of mineral oil and amplified for 30 
cycles consisting of a 2 minute denaturation at 94oc, a 2 
minute annealing period at SS-C, and a 3 minute extension 
period at 720G. After amplification, 15 ^1 of the PGR pro- 
ducts were analyzed on a 1% agarose gel (SeaKem GTG, PMG 
Inc., Rockland, Maine). 

PGR analysis of the genomic DNA from the different 
S. aureus isolates revealed two distinctly different sized 
products. FDA 574, Cowan, and#l3 all had gene products of 
1677 bp. Whereas Phillips , ;Jr 7 , and X^14391 had gene products 
of 1118 bp. s. aureus Newman, a known non-collagen binder 
had no detectable PGR product. There is a direct correlation 
between the repeat size and the estimated molecular weight 
of the purified native collagen receptor from the different 
S. aureus strains tested. Upon further sequence analysis it 
appears that a PGR product of 1677 bp corresponds to 3 ' 
repeat units, each 560 bp long. A PGR product of Uie bp 
therefore corresponds to 2 repeats, each 560 bp long. These 
data correlate highly with the estimated molecular light of 
purified native collagen receptors of 135 kd and 115 kd 
respectively. 
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Additional PGR analysis was carried out using 
primers JP-3 ( 5 ' -ATA-TGA-ATT-CGA-GTA-TAA-GGA-GGG-GTT-3 ' ) and 
JP-4 ( 5 ' -ATT-CTG-CAG-AGA-ACT-AAG-AAT-AGC-CTT-3 ' ) . These 
primers flank the intact CBP-gene at the 5' and 3' ends 

5 respectively. Using similar PGR parameters, the intact gene 
could be successfully isolated from S. aureus genomic DNA. 
Once again two distinctly different size gene products were 
discovered. Interestingly, the S. aureus isolates which had 
3 repeats had a GBP-gene corresponding to 3.5 kb. The S. 

10 aureus strains which had only two repeats, had a GBP-gene of 
3.0 kb. This work provides direct evidence that the size of 
the GBP-gene from various S. aureus isolates is directly 
proportional to the number of repeating units. 

Expression of intact GBP-gene. The 3.5 kb PGR 

15 product which encompasses the intact gene (primers JP-3, 
JP-4) was cloned into the prokaryotic expression vector 
pKK223-3, Pharmacia-LKB. This vector contains an IPTG 
inducible tac promoter which drives expression of the cloned 
gene. Upon induction, coomassie staining of a 5-15% SDS-PAGE 

20 gel reveals a 135 kd protein. This matches the expected 
molecular weight of the native collagen receptor *. This 
protein will be confirmed soon by western blot and a 
ftinctional biological assay. 

25 Immunological relationship of the collagen adhesin from 
different clinical isolates . 

Previous results indicated that antibodies raised 
against whole cells of the collagen adhesin positive (GA+) 
strain S. aureus Gowan and its purified collagen adhesin 

30 effectively inhibited binding of ^^^I-labeled collagen 
to the homologous strain (Switalski et al., 1989). These 
antibodies also effectively inhibited binding of ^lss. 
I-collagen to all strains binding collagen, which indicates 
an immunological cross -reactivity of the collagen binding 

35 site. To examine the cell surface proteins recognized by 
these antibodies, they were used to probe Western blots of 
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lysostaphin lysates prepared from different S. aureus iso- 
lates (Figure 3). Lysostaphin digestion releases from the 
cell surface of s. aureus a number of proteins, around 30 
bands can be visualized in the lysates by Coomassie 
Brilliant Blue staining of the gel (Switalski et al., 1989). 
The anti-adhesin antibodies recognized a component of 
135 kd in the lysate of strain Cowan (Figure 3, lane a), 
which is in agreement with our previous observations 
(Switalski et al., 1989). The major immunoreactive protein 
detected in the lysates of the other collagen adhesin posi- 
tive strains (CA+) varied in molecular weight and was pre- 
sent as either 110 kd or 135 kd (Figure 3, lanes b through 
h) . No correlation was observed between the apparent size of 
the immunoreactive protein and the collagen binding capacity 
of a strain or its origin (bone, synovial fluid). None of 
the nine non-binding collagen S. aureus strains tested 
expressed an immunoreactive protein (Figtire 3, lane i). 

. Collagen adhesin mediated att-Aohi n ent of si-^phvlognrn,- 
colla genous substrata . 

The relationship between the ability to express a 
collagen adhesin and the observed localization of an infec- 
tion within collagen rich tissues prompted us to analyze the 
role of the cell surface adhesin in bacterial attachment to 
collagen containing substrates. We initially studied attach- 
ment Of bacteria to surfaces coated with type II collagen 
Results indicated that a collagen coated surface was an 
excellent attachment substrate for strains which express a 
surface localized collagen adhesin. The attachment is time 
dependent and saturable reaching an equilibrium after 3 
hours Of incubation (Figure 4A) . The number of attaching 
bacteria is not influenced by the size of the adhesin since 

lloTl" ^'^^^^ ^'^-^ - "5 kd or 

110 kd adhesin respectively, attached in equal numbers to 

the collagen coated substrate, when bacteria were prein- 

cubated With anti-adhesin antibodies, against the collagen 
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adhesin from S. aureus strain Cowan, attachment was in- 
hibited in a concentration dependent manner (Figure 
This confirmed previous observations on the immunological 
cross reactivity of the collagen binding site within the 
5 collagen adhesin. Attachment of the adhesin negative strains 
(CA-) was not affected by preincubation with the anti-adhe- 
. sin antibodies. 

Attachment of S. aureus to cartilage . 

10 Subsequently, we studied the attachment of 

bacteria to cartilage, in a model mimicking the initial 
events in the development of infectious arthritis . In this 
model uniform pieces of cartilage were incxibated with 
^=»I-surfaced labeled S. aureus. Bovine nasal carti- 

15 lage which is histologically identical to the bone cartilage 
was used in this study. Data obtained with cartilage tissue 
closely resembled those results of collagen coated surfaces. 
Only CA+ strains attached to cartilage (Figure 4D), exhi- 
biting kinetics analogous to those seen in CA+ strains 

20 attaching to collagen coated substrates. This attachment 
could be completely inhibited by pre-incubation with the 
anti-adhesin antibodies (Figure 4E). These data indicate, 
that recognition of tissue collagen maybe sufficient for 
bacteria to colonize cartilage. Electron microscopy con- 

25 firmed the quantitative observations presented previously. 
S. aureus strains which bind ^^=I-collagen and possess 
an immunoreactive protein on a Western blot, attached in 
large numbers to cartilage tissue, and can be seen pre- 
ferentially attaching to collagen fibers (Figure 4C) . The 

30 nximber of attaching bacteria is drastically reduced in the 
presence of anti-adhesin antibodies (Figure 4F). Electron 
microscopy observations indicated that attachment of 
bacteria to the bone tissue was indeed related to the 
ability to express a biologically functional collagen 

35 adhesin. 
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Creation of artificial bacteria 

"Artificial bacteria" were prepared by covalently 
coating polystyrene beads (1.2 yum vs. staphylococci 0.8 - 
1.0 fm in diameter) with the collagen adhesin protein. These 
5 beads were then tested in a series of experiments analogous 
to those performed with intact bacteria. The collagen 
adhesin (CA) coated beads, but not beads coated with a 
recombinant form of another staphylococcal cell surface 
component, the fibronectin receptor (Flock et al., 1987), 
10 bound i»=I-collagen (Figure 5A) in a manner similar 

to that of CA+ strains of S. aureus (Speziale et al., 1986). 
This binding was abolished by anti-CA antibodies, whereas 
preimmune antibodies did not effectively inhibit binding 
(Figure SB). When "artificial bacteria" were assayed for the 
ability to attach to collagen (data not shown) or cartilage 
we found that CA beads adhered to the substrate in a time 
dependent manner, identical to that of CA+ strains of S. 
aureus, while beads coated with the fibronectin receptor did 
not adhere at significant levels (Figure 5C) . The anti-CA 
antibody inhibited the adhesion of CA beads to cartilage in 
a dose dependent fashion, whereas a preimmune antibodies had 
no effect (Figure 5D) . Once again the quantitative binding 
data was corroborated by electron microscopy observations. 
CA coated beads attached in large numbers to cartilage 
tissue, in particular to collagen fibers (Figure 5E), while 
beads coated with the fibronectin receptor did not (Figure 
5F ) • 
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Localization ef ^-h^ collarrpn h<T,^^^. 
collage n adhesin . 

Various expression constructs have been created in 
E. coli in effort to specifically localize the collagen 
binding domain. Two different types of expression vectors 
have been utilized in these experiments, pKK223-3 and 
PGEX-2T, the second of which results in the collagen adhesin 
fused to glutathione-S-transf erase. To date the smallest 
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region of the adhesin which has demonstratable collagen 
binding activity is contained within construct pGEX-1.1. 
This fusion protein is approximately 68 kDa, 41 kDa of which 
is represented by the collagen adhesin. As shown in Figure 

5 6, the collagen binding activity is located within the A 
domain of the cna gene. 

The present collagen binding protein can be used 
for immunization, whereby the protein, preferably in combi- 
nation with a fusion protein to create a large antigen to 

10 respond to, is injected in dosages causing immunological 
reaction in the host mammal. Thus the collagen binding 
protein can be used in vaccination of ruminants against 
mastitis caused by Staphylococcal infections. 

Further, the collagen binding protein can be used 

15 to block an infection in an open skin wound by wound treat- 
ment using the collagen binding protein in a suspension. 
Thus the collagen binding protein can be used for the treat- 
35 ment of wounds, e.g. for blocking protein receptors, or 
for immunization (vaccination). In the latter case the host 

20 body produces specific antibodies, which can protect against 
invasion of bacterial strains comprising such a collagen 
binding protein. Hereby the antibodies block the adherence 
of the bacterial strains to damaged tissue. Treatment of 
septic arthritis is included as well. 

25 Examples of colonizing of a tissue damage are: 

a) colonizing of wounds in skin and connective tissue, which 
wounds have been caused by a mechanical trauma, chemical 
damage, and/or thermical damage; 

b) colonizing of wounds on mucous membranes, such as in the 
30 mouth cavity, or in the mammary glands, urethra, or vagina; 

c) colonizing on connective tissue proteins, which have 
been exposed by a minimal tissue damage (microlesion) in 
connection with epithelium and endothelium (mastitis, heart 
valve infection, hip exchange surgery) . 

35 When using the present CBP, or the polypeptide, 

for the purpose of immunization (vaccination) in mammals. 
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including man, the protein, or polypeptide is dispersed in 
sterile, isotonic saline solution, optionally while adding 
a pharmaceutically acceptable dispersing agent. Different 
types of adjuvants can further be used in order to sustain 
5 the release in the tissue, and thus expose the protein or 
the peptide for a longer time to the iiranundef ense system of 
a body. 

A suitable dosage to obtain iinmuni2ation is 0,5 
to 5 ^g of CBP, or polypeptide, per kg bodyweight and' 
10 injection of immunization. In order to obtain a durable 
immunization, vaccination should be carried out at more 
than one consecutive occasion with an interval of 1 to 3 
weeks, preferably at three occasions. 

When using the present CBP, or polypeptide, for 
15 topical, local administration the protein is dispersed in 
an isotonic saline solution to a concentration of 25 to 
250 yug per ml. The wounds are then treated with such an 
amount only to obtain a complete wetting of the wound sur- 
face. For an average wound thus only a couple of millilitres 
of solution are used in this way. After treatment using the 
protein solution the wounds are suitably washed with iso- 
tonic saline or another suitable wound treatment solution. 

Further the collagen binding protein as well as 
the minimal collagen binding site polypeptide, of the pre- 
sent invention can be used to diagnose bacterial infections 
caused by Staphylococci strains, whereby a collagen binding 
protein of the present invention is immobilized on a solid 
carrier, such as small latex or Sepharose^ beads, where- 
upon sera containing antibodies are allowed to pass and 
react with the CBP thus immobilized. The agglutination is 
then measured by known methods. 

Further, the CBP, or the polypeptide can be used ■ 
xn an ELISA test (Enzyme Linked Immune Sorbent Assay 
E Engvall, Med. Biol. 55, 193, (1977). Hereby wells In a 
polystyrene microtitre plate are coated with the CBP, and 
xncubated over night at 40C. The plates are then thorough- 
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ly washed using PBS containing 0,05 % TWEEN 20, and dried. 
Serial dilution of the patient serum were made in PBS-Tween, 
were added to the wells, and incubated at SO^C for 1,5 
hrs. After rinsing antihuman-IgG conjugated with an enzyme, 

5 or an antibovine-IgG conjugated with an enzyme, respective- 
ly, horseradishperoxidase or an alkaline phosphatasae, was 
added to the wells and incxabated at 30^C for 1,5 hrs, 
whereupon when the IgG has been boxind thereto, and after 
rinsing, an enzyme substrate is added, a p-nitrophosphate 

10 in case of an alkaline phosphatase, or ortophenylene 

diamine substrate (OFD) in case a peroxidase has been used, 
respectively. The plates comprising the wells were thus 
then rinsed using a citrate buffer containing 0,055 % OPD, 
and 0,005 % HaOaf and incubated at 30**C for 10 min. 

15 Enzyme reaction was stopped by adding a 4N solution of 
H2SO4 to each well. The colour development was measured 
using a spectrophotometer. 

Depending on the type of enzyme substrate used a 
fluoroscense measurement can be used as well. 

20 Another method to diagnose Staphylococcal in- 

fections is by using the DNA gene probe -method based on the 
CEP nucleotide sequence or the polypeptide sequence. In the 
case of diagnozing a mastitis a milk sample is run through a 
membrane which collects bacteria present. Autolysis of the 

25 bacteria in alkali the released single stranded DNA binds to 
the membrane. The DNA gene probe, optionally labelled en- 
zymatically, or by a radioactive isotope is then added to 
the membrane comprising the DNA sequence, whereby the DNA 10 
gene probe attaches to the secpience where appearing. The 

30 enzyme or the radioactive isotope can then readily be 
determined by known methods. 

Above the term collagen binding protein includes 
the polypeptide sequence as well, which polypeptide sequence 
forms the minimal collagen binding site of the complete 

35 protein. 
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CLAIMS 

1. Hybrid-DNA-inolecule comprising a nucleotide 
sequence from S> aureus coding for a protein or polypeptide 
having collagen binding activity. 

5 

2. Plasmid or phage comprising a nucleotide sequence 
from S ■ aureus coding for a protein or polypeptide having 
collagen binding activity. 

10 3. A plasmid pSAC104 as contained in the E. coli TGI 

having the deposit number DSM 6199. 

4. An E . coli strain expressing said collagen binding 
protein . 

15 

5. A microorganism transformed by recombinant DNA 
molecule of claims 1-3. 

6. Hybrid-DNA-molecule according to claim 1, 

20 characterized in that it comprises the following nucleotide 
sequence: GCA 

CGAGATATTT CATCAACGAA TGTTACA6AT TTAACTGTAT CACCGTCTAA 
GATAGAAGAT GGTGGTAAAR. CGACA6TAAA AATGACGTTC GACGATAAAA 
ATGGAAAAAT ACAAAATGGT 6ACAT6ATTA AAGTGGCATG GCCGACAAGC 

25 GGTACAGTAA AGATAGAGGG TTATAGTAAA ACAGTACCAT TAACTGTTAA 
AGGTGAACAG GTGGGTCAAG CAGTTATTAC ACCAGACGGT GCAACAATTA 
CATTCAATGA TAAAGTAGAA AAATTAAGTG ATGTTTCGGG ATTTGCAGAA 
TTTGAAGTAC AAGGAAGAAA TTTAACGCAA ACAAATACTT TAGATGACAA 
AGTAGCTACG ATAACATCTG GGAATAAATC AACGAATGTT ATCGGTTGGA 

30 TAAAAGTGAA GCGGGAACCA GTAGTGTTTC TAATTAATAA AAGCGGGAAG 
ATATGCTACC AAGAAGATAC GACACATGTA CGATGGTTTT TAAATATTAA 
CAATGAAAAR. AGTTATGTAT CGAAAGATAT TACTATAAAG GATCAGATTC 
AAGGTGGACA GCAGTTAGAT TTAAGCACAT TAAACATTAA TGTGACAGGT 
ACACATAGCA ATTATTATA6 TGGACAAAGT GCAATTACTG ATTTTGAAAA 

35 AGCCTTTCCA GGTTCTAAAA TAACTGTTGA TAATACGAAG AACACAATTG 
ATGTAACAAT TCCACAAGGC TATGGGTCAT ATAATAGTTT TTCAATTAAC 



25 



30 



35 



WO 92/07002 

PCT/SE91/00707 



- 27 - 

TACAAAACCA AAATTACGAA TGAACAGCAA AAAGAGTTTG TTAATAATTC 
ACAAGCTTGG TATCAAGA6C ATGGTAAGGA AGAAGTGAAC GGGAAATCAT 
TTAATCATAC TGTGCACAAT ATTAATGCTA ATGCCGGTAT TGAAGGTACT 
GTAAAAGGTG AATTAAAAGT TTTAAAACAG GATAAAGATA CCAAGGCTCC 
5 TATAGCTAAT GTAAAATTTA AACTTTCTAA AAAAGATGGA TCAGTTGTAA 
AG6ACAATCA AAAAGAAATT GAGATTATAA CAGATGCAAA CGGTATTGCT 
AATATTAAAG CGTTGCCTAG TGGAGACTAT ATTTTAAAAG AAATAGAGGC 
GCCACQACCG TATACATTTG ATAAGGATAA AGAATATCCG TTTACTAT6A 
AAGATACA6A TAATCAGGGA TATTTTACGA CTATTGAAAA TGCAAAAGCG 
10 ATAGAAAAAA CAAAAGATGT TTCTGCTCAA AA6GTTTGG6 AAGGCACTCA 
AAAAGTGAAA CCAACGATTT ATTTCAAGTT GTACAAACAA GATGACAATC 
AAAATACAAC ACCAGTAGAC AAAGCAGAGA TTAAAAAATT AGAAGATGGA 
ACGACAAAAG TGACATGGTC TAATCTTCCG GAAAATGACA AAAATGGCAA 
GGCTATTAAA TATTTAGTTA AA6AAGTAAA TGCTCAAGGT GAAGATACAA 
15 CACCAGAAGG ATATACTAAA AAAGAAAATG GTTTAGTGGT TACTAATACT 
GAAAAACCAA TCGAAACAAC ATCAATTAGT GGTGAAAAAG TATGGGACGA 
CAAAGACAAT CAAGATGGTA AGAGACCAGA AAAAGTCAGT GTGAATTTAT 
TGGCTAACGG GGAGAAAGTA AAAACGTTAG ACGTGACATC TGAAACAAAC 
TGGAAGTACG AATTTAAAGA CTTACCGAAG TATGATGAAG GAAAGAAAAT 
AGAATATACA GTGACCGAAG ATCACGTAAA AGACTACACA ACAGACATCA 
ACGGTACGAC AATAACGAAC AAGTATACAC CAGGAGAGAC ATCGGCAACA 
GTAACAAAAA ATTGGGATGA CAATAATAAC CAA6ACGGAA AACGACCAAC 
TGAAATCAAA GTTGAGTTAT ATCAAGACGG AAAAGCAACA GGAAAAACGG 
CAACATTAAA TGAATCTAAT AACTGGACCC ATACGTGGAC AGGATTAGAT 

gaaaaagca; aggacaaca agta^ xtac acagtcgagg aattaacaaa 

GGTCAAAGGT .'ATACAACAC AT^STGGATAA CAATGATATG GGTAACTTGA 
TTCTGACGAA TAAATATACG CCAGAAACAA CATCAATTAG TGGTGAAAAA 
GTATGGGACG ACAAAGACAA TCAAGATGGT AAGAGACCAG AAAAAGTCAG 
TGTGAATTTA TTGGCTGATG GAGAGAAAGT AAAAACGTTA GACGTGAC^^ 
CTGAAACAAA CTGGAAGTAC GAATTTAAAG ACTTACCGAA GTATGATGAA 
GGAAAGAAAA TAGAATATAC AGTGACCGAA GATCACGTAA AAGACTACAC 
AACAGACATC AACGGTACGA CAATAACGAA CAAGTATACA CCAGGAGAGA 
CATCGccAAC AGTAACAAAA AATTGGGATG ACAATAATAA CCAAGACGGA 
AAACGACCAA CTGAAATCAA AGTTGAGTTA TATCAAGACG GAAAAGCAAC 
AGGAAAAACG GCAACATTAA ATGAATCTAA TAACTGGACC CATACGTGGA 
CAGGATTAGA TGAAAAAGCA AAAGGACAAC AAGTAAAATA CACA^ 
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GAATTAACAA A6GTCAAAGG TTATACAACA CAT6T6GATA ACAATGATAT 
GGGCAACTTG ATTGTGACGA ATAAATATAC GCCAGAAACA ACATCAATTA 
GCGGTGAAAA AGTATGG6AC GACAAAGACA ATCAAGATGG TAAGAGACCA 
GAAAAAGTCA GTGTAAATTT ATTGGCTAAC GGAGAGAAAG TAAAAACGTT 

5 AGACGT6ACA TCTGAAACAA ACTGGAAGTA CGAATTTAAA GACTTACCGA 
AGTATGAXGA A6GAAAGAAA ATAGAATATA CAGTGACCGA AGATCAC6TA 
AAAGACTACA CAACAGACAT CAACGGTACG ACAATAACGA ACAAGTATAC 
ACCAGGAGAG ACATCG6CAA CA6TAACAAA AAATTGGGAT GACAATAATA 
ACCAA6AC6G AAAACGACCA ACTGAAATCA AA6TTGA6TT ATATCAAGAT 

10 GGAAAAGCAA CAGGAAAAAC GGCAATATTA AATGAATCTA ATAACTGGAC 
ACATACGTGG ACA6GATTAG ATGAAAAAGC AAAAGGACAA CAAGTAAAAT 
ACACAGTCGA TGAATTAACA AAAGTTAATG GCTATACAAC GCATGTGGAT 
AACAATGATA TGGGTAACTT GATTGTGACA AATAAATATA C6CCGAAAAA 
ACCGAATAAA CCAATCTATC CTGAAAAACC AAAAGACAAA ACACCACCAA 

15 CTAAACCTGA TCATTCTAAT AAAGTTAAAC CAACTCCCCC AGATAAGCCA 
TCAAAAGTGG ATAAGGATGA TCAACCTAAA GATAATAAAA CCAAACCT6A 
AAATCCTCTA AAAGAATTAC CAAAAACTGG TATGAAGATT ATAACTTCAT 
GGATTACATG GGTATTTATA GGTATATTGG GACTGTATTT AATTTTAAGA 
AAAAGATTTA ACTCA 

20 

-•'7. Plasmid or phage comprising one or more nucleotide 

sequences according to claim 6. 

8. Microorganism containing at least a plasmid or 
25 phage according to claim 7. 

9 . A method for producing a collagen binding protein 
or polypeptide, wherein a) at least one hybrid-DNA-molecule 
according to claim 1 is introduced into a microorganism, b) 

30 said microorganism is cultivated in a growth promoting 
medium, and c) the protein thus formed is isolated by ion 
exchange chromatography, ammoniumsulphate precipitation and 
gel filtration. 
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10. Chemical synthesis method for producing a collagen 

binding protein or polypeptide according to claim 1, whereby 
an amino acid residue is built up based on said nucleotide 
sequence encoding for said protein or polypeptide starting 
from the C-terminal serine, which is stepwise reacted with 
the appropriate amino acid, whereby it is finally reacted 
with alanine at the N-terminal end, to form the collagen 
binding protein or polypeptide . 

11. A collagen binding protein or polypeptide 

comprising at least one of the amino acid sequence 
Ala 

ArgAspIleSerSerThrAsnValThrAspLeuThrValSerProSerLysIleGluAsp 

GlyGlyLysThrThrValLysMetThrPheAspAspLysAsnGlyLysIleGlnAsnGly 

AspMetlleLysValAlaTrpProThrSerGlyThrValLysIleGluGlyTyrSerLys 

ThrValProLeuThrValLysGlyGluGlnValGlyGlnAlaVallleThrProAspGly 

AlaThrlleThrPheAsnAspLysValGluLysLeuSerAspValSerGlyPheAlaGlu 

PheGluValGlnGlyArgAsnLeuThrGlnThrAsnThrLeuAspAspLysValAlaThr 

IleThrSerGlyAsnLysSerThrAsnVallleGlyTrpIleLysValLysArgGluPro 

ValValPheLeuIleAsnLysSerGlyLysIleCysTyrGlnGluAspThrThrHisVal 

ArgTrpPheLeuAsnlleAsnAsnGluLysSerTyrValSerLysAspIleThrlleLys 

AspGlnlleGlnGlyGlyGlnGlnLeuAspLeuSerThrLeuAsnlleAsnValThrGly 

ThrHisSerAsnTyrTyrSerGlyGlnSerAlalleThrAspPheGluLysAlaPhePro 

GlySerLysIleThrValAspAsnThrLysAsnThrlleAspValThrlleProGlnGly 

TyrGlySerTyrAsnSerPheSerlleAsnTyrLysThrLysIleThrAsnGluGlnGln 

LysGluPheValAsnAsnSerGlnAlaTrpTyrGlnGluHisGlyLysGluGluValAsn 

GlyLysSerPheAsnHisThrValHisAsnlleAsnAlaAsnAlaGlylleGluGlyThr 

ValLysGlyGluLeuLysValLeuLysGlnAspLysAspThrLysAlaProIleAlaAsn 

ValLysPheLysLeuSerLysLysAspGlySerValValLysAspAsnGlnLysGluIle 

GluIlelleThrAspAlaAsnGlylleAlaAsnlleLysAlaLeuProSerGlyAspTyr 

IleLeuLysGluIleGluAlaProArgProTyrThrPheAspLysAspLysGluTyrPro 

PheThrMetLysAspThrAspAsnGlnGlyTyrPheThrThrlleGluAsnAlaLysAla 

IleGluLysThrLysAspValSerAlaGlnLysValTrpGluGlyThrGlnLysValLys 

ProThrlleTyrPheLysLeuTyrLysGlnAspAspAsnGlnAsnThrThrProValAsp 

LysAlaGluIleLysLysLeuGluAspGlyThrThrLysValThrTrpSerAsnLeuPro 

GluAsnAspLysAsnGlyLysAlalleLysTyrLeuValLysGluValAsnAlaGlnGly 
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GluAspThrThrProGluGlyTyrThrLysLysGluAsnGlyLeuValValThrAsnThr 

GluLysProIleGluThrThrSerlleSerGlyGluLysValTrpAspAspLysAspAsn 

GlnAspGlyLysArgProGluLysValSerValAsnLeuLeiiAlaAsnGlyGluLysVal 

LysThrLeuAspValThrSerGluThrAsnTrpLysTyrGluPheLysAspLeuProLys 

TyrAspGluGlyLysLysIleGluTyrThrValThrGluAspHisValLysAspTyrThr 

ThrAspI leAsnGlyThrThr I leThrAsnLys TyrThrProGlyGluThrSerAlaThr 

ValThrLysAsnTrpAsp2^pAsnAsnAsnGlnAspGlyLysArgPrpThrGluIleLys 

ValGluLeuTyrGlnAspGlyLysAlaThrGlyLysThrAlaThrLeuAsnGluSerAsn 

AsnTrpThrHisThrTrpThrGlyLeuAspGliiLysAlaLysGlyGlnGlnValLysTyr 

ThrValGluGluLeuThrLysValLysGlyTyrThrThrHisValAspAsnAsnAspMet 

GlyAsnLeuIleValThrAsnLysTyrThrProGluThrThrSerlleSerGlyGlnLys 

ValTrpAspAspLysAspAsnGlnAspGlyLysArgProGluLysValSerValAsnLeu 

LeuAlaAspGlyGluLysValLysThrLeuAspValThrSerGluThrAsnTrpLysTyr 

GluPheLysAspLeuProLysTyrAspGluGlyLysLysIleGluTyrThrValThrGlu 

AspHisValLysAspTyrThrThrAspIleAsnGlyThrThrlleThrAsnLysTyrThr 

ProGlyGluTlirSerAlaThrValThrLysAsnTrpAspAspAsnAsnAsnGlnAspGly 

LysArgProThrGluIleLysValGluLeuTyrGlnAspGlyLysAlaThrGlyLysThr 

AlaThrLeuAsnGluSerAsnAsnTrpThrHisThrTrpThrGlyLeuAspGluLysAla 

LysGlyGlnGlnValLysTyrThrValGluGluLeuThrLysValLysGlyTyrThrThr 

HisValAspAsnAsnAspMetGlyAsnLeuIleValThrAsnLysTyrThrProGluThr 

ThrSerlleSerGlyGluLysValTrpAspAspLysAspAsnGlnAspGlyLysArgPro 

GluLysValSerValAsnLeuLeuAlaAsnGlyGluLysValLysThrLeuAspValThr 

SerGluThrAsnTrpLysTyrGluPheLysAspLeuProLysTyrAspGluGlyLysLys 

IleGluTyrThrValThrGluAspHi sValLys AspTyrThrThrAspI leAsnGlyThr 

ThrlleThrAsnLysTyrThrProGlyGluThrSerAlaThrValThrLysAsnTrpAsp 

AspAsnAsnAsnGlnAspGlyLysArgProThrGluIleLysValGluLeuTyrGlnAsp 

GlyLysAlaThrGlyLysThrAlalleLeuAsnGluSerAsnAsnTrpThrHisThrTrp 

ThrGlyLeuAspGluLysAlaLysGlyGlnGlnValLysTyrThrValAspGluLeuThr 

LysValAsnGlyTyrThrThrHisValAspAsnAsnAspMetGlyAsnLeuIleValThr 

AsnLysTyrThrProLysLysProAsnLysProIleTyrProGluLysProLysAspLys 

ThrProProThrLysProAspHisSerAsnLysValLysProThrProProAspLysPro 

SerLysValAspLysAspAspGlnProLysAspAsnLysThrLysProGluAsnProLeu 

LysGluLeuProLysThrGlyMetLysIlelleThrSerTrpIleThrTrpValPhelle 

GlylleLeuGlyLeuTyrLeuIleLeuArgLysArgPheAsnSer 
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^ctor^y^S' end of insert in |J16 FIG. 2 



^ ^ CTTTCCAACCAA ATGATTCA6AAACTCATrrCATAATrC65AACATCATTCCACCACWC 
CCCWCTAmCTrCffTCTACCACeCCCTACAATIAAAICTACACCCACGATAGAATACa 

121 4 —4. + — + ^ J^gQ 

CtAAACCTAATCTrnTTTACCAAATAATTTGACCAAATCAACTCCaATACCTCTACCAA 
161 —....4, 

CACCrWTITCACAAATCC?CTT(WAATCAAAAAGGCCATACCAATIAACCATATACTAT 
241 + , ^ +. ♦ 300 

TA^ACmAACCACWACACCCCTTtrCATCTCAACAATffCCAACGACCACCATG&TTG 
301 ^ ^ , . ^ 3go 

lAAATCCAATTACACAGACACCCCCAATTCCCATCGGTTGTCTAATACAACCAATGATTG 
361 ♦ ^ ^ ^ ^ 

TeGCGACGAATATTGCCAACATATACCATCCTCTTCGATCCACAGCTTCCCGTTTAATAO 
«1 ♦ ^ ^ ^ ^ 

GTGTAACTGCCCAAATAACCAGACCTACAACOATAOCGACTATAAACTTACCAtATTTU 
1 ♦ ^ ♦ 1. ^ 

CCGTGTmcCATCnAAAACCTCCTTCTTTCTATGTTTTATACATATTTCAATTTAAGA 

ATAAACCTAACTACAAAASATCTACA6TAATAATTAAATATAAAATTCAATTAAC0AAAT 
601 ^ ^ ^ ^ 

CA^^TATAATTATrTTTCGAGAACCCCTCAACAACTGCTATAGTTCCTCTTTAnAAA 
661 * ^ ^ ^ ^ 

TTTAAAACATTTTSAAAATCAACTAATATACTAACAAATTAATTCATACAAGTTAACTTC 

* * ^ ^ ^ ^ ygg 

781 ^'^^'^*^*~*'^"*^*'^<^^*^*T*TTTOCATAATAAAATAATAATATGAATTTr 
TGATAA.ATTTCATrCAAIAAGAACTAAJiTTAGTTTATAAT7TA7TArrACTATCCTCrGG 



841 

ATATCACATACACTATlACGACCCGlTmATCAAC/lAAATCT^^ 



RBs * * 



901 ^ , ^ ^ 

^ ^ ^ _^ 



KetAsnLyfAsnValLeuLysPheKeiVel 
961 !3!^!l"i!?!!*!!^-^^*^^*^C*CACCmAmAATAAAJLATGAAGCATTTCCAC^ 



A 

PheIleKetl*uLeuAsnIl^ll«ThrProLe^hlA»LylAsiJci^ 

1021 !!if^!^!33f^IfJjff^3«"*CAGATTTAACTCTATCACCC-CTAACATACAAGAT 

ArgA$pll€SerSerThrAsnvImrA^LeilTh^v2lS«Pro^ "^"^ 

' 168 1 ?f!f flj^l-^f f *^*^^«*««"CGACGATAAA/ATC6AAAAATACAAAAT6GT 



Gl)'GlyLysIhrThrVtlLysKetThtPh^«pZ$?Ly*AMClyI.ysneClRAsn« 
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2,01 ^ FIG. 2 

ntltxilysGlvntGluAUfcoAtsfToTyt^M^^ (cont'd) 

PheThrKetLy»A5pThrA»j>A$nClnaiyryrPh8TlirThrIleCluAjnAnLyJiaa 
2221 * ^^^*^**^ ^^g*T(nTTCTCCTCAAAAC(nT7gGgAAg6CACTCAAAAACTCAAA 

IleClutysThrLysAspValSerAlIcStyJvIIft^^^ "30 

2281- f-^^!^^- ^'^°""* ^^^ ^*^***^^*^^****^ ^C*^«CCACTA6AC 

ProThrIleT?rPh«LyxLwlVrLjJ«^pA*pA«nOlnA»afhr^krtJ^^ 
2341 ±!f;f^!^g;i-^^^GAA CATCCAACCAC^ «C0'-«6A 

LysAleCluUeLysLysuGwiiAspClJtt^ariJlJnTi^^ 

CXuAjnAspLysA5nGlyL;sA;ftlULysTyrLeuvatyrtluVaUsnAuS5 
2461 f^fg^f^^^- ^'^^^?^^*^^^^^^^^^ 

CluAspThrrhrPr^^MuclyiJrThrLysLysGluAsnClyLeuvUV^ 

2S21 !ff^^^!f^i!ff^^ff^^^'^"*««"«*^-A«AT05SACCACAAAW^^ 

ClulysPron;5l^ttrih;i«n««C^^^^^ «80 

2581 ff^!™i^?ifff2fiif^A'^CAGT(»GAATrrAmCCtA^ 

ciiuispsiyLysArg;MS^ESmi;s«i;;;z;Smii;;;3;;i-^^^^ 264© 

2641 ™f!™^^f!fJI?^-«CT6CAACTAC«JiTTTAAAeACTrACCGAAG 

LysThrLeuA*pvaiThrse\-ciu\h;;;;;;;z;;5rt\";^^^^^^ 2700 

2701 !^^A^g^CSAAAGAAAATACyTATACAGT6ACCCAAGATCACGT^^^^^ 
iyrAspcluGlyLy.Ly«l;Gluf;rth;vmi;^^^^ 

2761 tltlt'!!:ll'^^^^^^^ 

ThrA5?ileAsn61yThrS;n;ThrAsJLysT>'mr^;M;.cS^ 
28a !!^^!^^^^^f'f!!^!?*«'"^AATAACCAAGACCGAAAAC6ACCW^ 

ValIhrLysAsnXrpA,pA^i;;i;;;;;;C^7;s;c"^^^^^^^ 2880 

2881 ?!!?:!!!^!f!ff*^'^«»"^«'^CACGAAAAACCGCAACAnAAATGAj^TCT^^ 

"'^^^^^^^^■^'roirMp^i;:;;^^^^^^^ 2940 

• -2941 f^!!!!ll^^^!^!"°«*^*«^«*"*«^AreAAAAACC^^ 

A»TrpThrHisThrTrpThrGi;E;;;;;;;6r;[;s"^^^^^^^^^ 300^ 
3001 ^!^!!!?^?^^^!!^^f^^^«"CAAAGGmTAcucACATCTGGAT^^^ 

ThrVelGluGluUuThrlJsVall^;;!;;;;^;:!^^^^^^^^^ , 3060 

3061 ??!^^f!!?:!!!^!^'^^'^'*^ACGCCAWcA!LTCAAnA^^ 

clyA*^/-euIl*valIh^A5^a;;;y~;:;;:;;I:;,;;;:;5^-^ 3120 
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""^^CCCACCACAAAGACAATCAAGATCGTAACUGACCACAyUL/JiGrCAeTCTa^^^ FIG. 
VelTrpAspAspLy«AspAsaCL-ispWyLyjA^rociuLy^^^ " 



3181 nfff **^*^***^**AAACC"*CACCTCACA7C7GAAACAAACTCCAAGTAC 

UuAltAspClyCluLysVnL^jThrLwA^vIlTh^^^ ^^^^ 

3241 

CluPheLy»AspUu?roLysTytA«pCluClyLy«LysIleGluTypThrmThi«^^ 

? 1A1 *^^*^^*^**^*CACAACACACATCAACC6TAC0ACAATAACGAACAACTATACA 

AspHlsValLysAspiyrThrlhrAsplleAsnClyrhrThtlleThmaL^jTyrthJ ^^^"^ 

3361 fffff**^*'^^^°^-*^*"^'5*AJ^"5GGATGACAArAATAACCAACACGCA 

PrpClyClurhrSerAlZThrVelThrLyJAsnlSIJjA^Asri^ ^"^^ 

3421 f^^f?^fffif3[f^*"''^"G*C"ATA7CAACACCCAAJUCCAACAGGAAAAA 
tysArg?ro?hrClull^$V»lClIZwTyrClnA^cIyLys^^^ 

AlaThrLeuAsnGluSerAsnAtnlrpThraisThrTrpThrGryLeuA^Sl^^ 

3541 f^^!"f^^^-f3^^-^T*CACAGTCGACGAATTAACAAACGT«JJiCGTTATACAACA 

LysGlyClnGlnValLysTjrThrt'alGlSui^euThr^^ ^'^^^ 

3601 'jtlVJt^^ttl^^^^ ' 

Hl$\'tlA$pAsnAynArpXetG:yAsnLeiInevIlThrAs^ylT^tThr^ ^^^^ 



3540 



3661 t^tll^Jlllt^l^^^ 

. ThrSerIUSerGly61uL>%vIlTr^spAj^>"lA^A^^^^^ 

3721 f^l^^lflfJfJfJ^-^JJTATrGGCTAACCGAGAGAAACIAAAAACCTTACACCTGACA 
GluLysValSerValAwLeuLeuAllAJnGl^GluLyml^sTh^U^^^ 

3781 l'[ilt^i^^:t^t!^^^^^ 

SertluThrAsnTrpLysTyrCluPheLysAspLwProLysTyrAspCluM 
384 1 ^!^f *^^°^«ATCACGTAAAAGACTACACAACAGACATCAACCCTACG 

3901 ™!ll!!i^!l-^!!^!ij^ff^f;^f^^^ 

ThrllelhrAsnlysTyrThrProGlyGilThrSerAlIthrVal^^ 
3961 "!l"^!^^!J'^ff^;*ff«^-^-ACGACCAACTGA/.ATCmC7TGAG-TATA7CAAGAT 



J720 



3780 



3840 



3900 



3960 



4020 
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AspAsRAsnAsnClnAspClyLysArfProThrCluIlcLyaVftlCluLeuTyrGlnAsp FIG 2 

GGAAAAGCAACACGAAAAACX^GCAATATTAAATGAATCTAATAACTMACACATAq^ (cont'd) 

-4021, + H -—4 .1 ...-4. 4080 

GlyLysAlaThrClyLysThrAlalleLeuAsnCluSerAsnAsnTrpThrHlsThrTr? 

ACAGCA7TACATCAAAAAGCAAAAGGACAACAAGTUAATACACACTCCATGAATTAACA 

^081-. y + + ^ * 4U0 

ThrGlyLeuAspGluLysAl&LyfGlyGLnClnValLysTyrThrValAspGluLeuThr 

AAACnAATCCCTATAtyUlCCCJlTCTCCATAACJUiTGATATGGG^ 

LysValAsnGlylyrXhrthtHlsV&lAspAsnAsnAspKetGlyAssUtilleValThr 

B3 < Y ^ W 
AATAAATATACGCCGAAAAAACCCAAIAAACCAATCTATCCTGAAAAACCAAAAGAC^^ 

4201 4 — M 1 1 — • ^ 4260 

AsnLysTyrThrPro^ysLysProAsnLysProIleTyrPrcGluLysProLysAypLys 

ACACCACCAACTAAACCrCATCATTCTAATAAAGTIAAACCAACTCCCCCACATAAGa^ 
4261 +- — + (. h-,^,.^ 4. 4320 

ThrProProThrLysProAspBlsSerA^nLysValLysProIhrProProAspLysPro 

TCAAAAGTGCATAAGCATGATCAACCTAAAGATAAIAAAACCAAACCTGAAAATCCTCTA 
^321 * — + H ^ .+ ^ 43S0 

SerLysVtlAspLysA^pAspGlziProLysAspAsaLysThrLysProGluAsnProLeu 

A/JlG;-ArrACCA/J^^.CTGGTAT6AAGAmTAACTTCATG6ATTACATG6GTATTTATA 
4381 + 4 — — — -+ ^ 4440 

LysCluLeuFroLysThrGlyKetLysIlelleThrSerTrpIleThrTrpValPhelle 

T*-^ charge C-termlna|. 
^ GGTATAmGGACTGTATTTAATmA'AGAAAAAGATnAACTCATAAACCAmiAATT 

ClylleLeuClyLeuTyrUuIleLeuArgLy^ArgPheAsnSerSnd * ^^^^ 

ATrrrTATAGATAAGGCrATTCTTAGTTCTATGTATAATACATGATATTAATACGTCACT 
4501 * ^ ^ f + ^ 4560 

TTTAATCTGTATCTAAGCAGACTAAGAGTCGCCTmAAACAAATAAA^AAA 
4561 4 4 4 4 4- 4612 
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